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0 Improved methods for nucleic acid amplification. 



© Methods are provided for enhanced specificity and sensitivity of nucleic acid amplification. The methods are 
simplified nested amplification procedures wherein both inner and outer primer pairs are present in the 
amplification reaction mixture. According to the methods, the thermocycling profile, as well as the sequences, 
length, and concentration of amplification primers, is modified to regulate which primers are annealed and 
extended on the target during any particular amplification cycle. The methods described are particularly suitable 
in PCR amplifications and have numerous applications in molecular biology, medical diagnostics and forensics. 
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The present invention provides improved methods and compositions for nucleic acid amplification. The 
novel methods provided offer enhanced target specificity, and sensitivity over prior methods and are 
particularly useful for amplification and detection of target sequences by the polymerase chain reaction 
(PCR). Specifically, according to the present invention, the thermocycling profile as well as the sequence, 
5 length, and concentration of amplification primers are modified to provide improved target specificity. The 
methods of the invention have numerous applications in the fields of molecular biology, medical diagnostics 
and forensics. 

In one aspect, the present invention provides a method for nested amplification of a sequence within a 
target nucleic acid in a sample, the method comprises: (a) mixing the sample in an amplification reaction 

10 mixture containing an outer primer pair and an inner primer pair, wherein the outer primer pair is capable of 
amplifying a segment of the target nucleic acid to provide an amplified target sequence, and the inner 
primer pair is capable of amplifying a subsequence within the target sequence; (b) treating the amplification 
reaction mixture of step (a) in an amplification reaction at a temperature for annealing and extending the 
outer primer pair on the target nucleic acid and at a temperature for denaturing the extension products of 

w the outer primer pair to provide an amplified target sequence, wherein the temperature for annealing and 
extending the outer primer pair is higher than the temperature for annealing and extending the inner primer 
pair to the target nucleic acid; and (c)treating the mixture of step (b) in an amplification reaction at a 
temperature for annealing and extending the inner primer pair on the amplified target sequence, and at a 
temperature for denaturing the extension products of the inner primer pair to provide an amplified 

20 subsequence. 

In another embodiment of the method, at step (c), the temperature for denaturing the extension 
products of the inner primer pair is suitable for denaturing the extension products of the outer primer pair 
and the method further comprises:(d) amplifying the subsequence, at a temperature for annealing and 
extending the inner primer pair on the amplified target sequence, and at a temperature for denaturing only 

25 the extension products of the inner primer pair to provide an amplified subsequence, wherein the 
temperature for denaturing only the extension products of the inner primer pair is lower than the 
temperature for denaturing the extension products of the outer primer pair. 

In another aspect, the invention provides a method of improved specificity in a PCR that comprises: (a) 
mixing a sample containing a target nucleic acid sequence in an amplification reaction mixture containing a 

30 primer pair for specifically amplifying the target; (b)amplifying the target sequence at a temperature for 
annealing and extending the primer pair that is between 1 °C and 10 °C higher than the Tm for the primer 
pair, and (c) amplifying the amplification reaction mixture of step (b) at a temperature for efficiently 
annealing and extending the primer pair to provide an amplified target sequence. 

The disclosed nucleic acid amplification methods and compositions offer the advantages of enhanced 

35 specificity and sensitivity over prior methods for amplifying nucleic acids. The methods relate to the use of 
modified thermocycling procedures for achieving improved amplification results. In one aspect of the 
invention, the methods also relate to the use of nested primers for increased specificity. The invention 
eliminates the disadvantages of prior nested priming procedures and reduces amplification artifacts such as 
primer-dimer. The improved amplification methods also enhance detection by increasing the amount of 

40 target-specific amplified product. 

Methods for nucleic acid detection are generally accomplished using oligonucleotide probes. For 
example, the U.S. Patent Specification No. 4,358,535 discloses a method for detecting pathogens by 
spotting a sample (e.g., blood, cells, saliva, etc.) on a filter, lysing the cells, and fixing the DNA through 
chemical denaturation and heating. Then labelled DNA probes are added and allowed to hybridize with the 

45 fixed sample DNA. Hybridization indicates the presence of the pathogen's DNA. 

The sensitivity and specificity of nucleic acid detection methods was greatly improved by the invention 
of the polymerase chain reaction (PCR). PCR is a process for amplifying nucleic acids and involves the use 
of two oligonucleotide primers, an agent for polymerization, a target nucleic acid template, and successive 
cycles of denaturation of nucleic acid and annealing and extension of the primers to produce a large 

50 number of copies of a particular nucleic acid segment. With this method, segments of single copy genomic 
DNA can be amplified more than 10 million fold with very high specificity and fidelity. PCR methods are 
disclosed in the U.S. Patent Specification No. 4,683,202 and methods for detecting PCR products are 
particularly described in the U.S. Patent Specification No. 4,683,195. 

Sensitivity is critical when the amplification target is a rare sequence. The detection sensitivity is limited 

55 by the amount of amplified product available to be detected. Rare sequences, for example, AIDS virus 
nucleic acids in an AIDS positive but otherwise healthy individual, or a rare gene transcript indicative of 
oncogenesis, are very difficult to detect and can be overlooked in conventional analytical practices. Forensic 
samples often comprise minute amounts of nucleic acid or partially degraded DNA. 
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A difficulty in detecting a rare sequence is that there can be a high ratio of non-target to target 
sequence. The ability of a PCR to discriminate between target and nontarget DNA and amplify only target 
sequences is a key aspect of improved sensitivity. Discrimination between non-target and target is are 
reflection of the specificity of the primers and reaction conditions. The more specific a reaction is the 

5 greater the relative amount of the specific target sequence that is produced and the easier that product is to 
detect. An increase in specificity can, therefore, increase sensitivity as well. 

The need for improved sensitivity and specificity is addressed in the above U.S. Patent Specification 
No. 4,683,195, which describes the use of nested primers for increasing PCR sensitivity in the amplification 
of single copy genes. The procedure requires that following PCR the reaction mixture is diluted 10-fold to 

w reduce the concentration of the first primer pair, and a second primer pair is introduced into the reaction 
mixture and PCR thermocycling is repeated. According to the method, the second primer pair is designed 
to be internal to the first primer pair to amplify a subsegment of the first PCR product. The method 
increases specific amplification, i.e., reduces non-specific background amplification products and therefore 
increases sensitivity. Such non-specific amplification products, although they arise by virtue of fortuitous 

15 partial homology to the flaking primers, are unlikely to also have sufficient homology to the nested primers 
to continue to amplify. 

The two step reaction has several drawbacks resulting from the presence of the first primer pair in the 
second PCR, and the need for additional reagents, including enzyme, following the dilution of the first PCR 
mixture. The drawbacks of the nested priming method are compounded by the potential for cross 

20 contamination between samples during the dilution steps. Due to the enormous amplification possible with 
the PCR process, small levels of DNA carryover from samples with high DNA levels, positive control 
templates or targets from previous amplifications can result in PCR product, even in the absence of 
purposefully added template DNA. Particular methods and precautions for practicing PCR with a minimum 
of cross contamination are described in Nature 339, 237-238 (1989) and PCR Protocols: A Guide to 

25 Methods and Applications, Academic Press, Inc., San Diego, California (1990). 

In general, alternative procedures for enhanced specificity involve modified product detection proce- 
dures. For example, Nature 324, 163-166 (1986), describes a method for detecting allelic sequence 
variations due to single-base substitutions in human genomic DNA. The publication provides allele-specific 
oligonucleotide (ASO) probes that will only anneal to sequences that perfectly match the probe; a single 

30 mismatch being sufficient to prevent hybridization. The ASO probes are used in conjunction with amplifica- 
tion of a target segment containing an allelic sequence of interest. 

Modifications to the nested primer method mentioned above have been described. Proc. Natl. Acad. 
Sci. USA 86, 2423-2437 (1989) describes a modified nested priming procedure wherein the internal primers 
are labeled for subsequent capture and detection. Proc. Natl. Acad. Sci. USA 87, 4580-4584 (1990) 

35 describes a"heminesting method" for allele-specific detection. The method requires - amplification using a 
generic primer pair followed by a 1 :50 dilution of the PCR product. The product is then re-amplified using 
three nested, e.g., two upstream and one downstream, primers. For any particular allele only one nested 
primer is sufficiently complementary to the target to be extended. The primers differ in length and the size 
of the PCR product allows the allelic state to be determined. 

40 Proc. Natl. Acad. Sci. USA 86, 2757-2760 (1989) describes a method for allele-specific amplification for 
diagnosing of sickle cell anemiaT According to the method, three primers are included in the amplification 
reaction: two allele-specific primers, one specific for the sickle cell allele and one specific for the normal 
allele, and a third primer for amplifying either allele. Under stringent conditions, the allele-specific primer 
will only be extended on the complementary target. Accordingly, only one primer pair will function in PCR 

45 for any particular target. Proc. Natl. Acad. Sci. USA 86, 6215-6219 (1989) also describes allele-specific 
amplification. In a non-nested procedure, primer sequences were modified to distinguish several particular 
alleles by selective amplification. 

Thus, there is a need for simplified methods for increasing both the specificity and sensitivity of nested 
primer amplification. Improved methods are desirable that also eliminate processing steps and minimize the 

50 opportunity for cross contamination and subsequent inaccurate results. The present invention meets those 
needs. 

Brief Description of the Drawings: 

55 Figure 1 provides a schematic description of "Drop-In" PCR; 

Figure 2 provides a schematic description of the "Drop-In/Drop-Out" method demonstrated at Example I; 
Figure 3 provides the results of PCR amplification using the Drop-In/Drop-Out method for detecting HIV 
nucleic acids; the experiment is described in Example I; 
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Figure 4 provides the results of the Drop-in/Drop-out PCR method to detect a single copy of HIV DNA in 
a sample as described in Example I; and 

Figure 5 demonstrates the increased specificity provided by the present methods and is described in 
Example II. 

5 The present invention provides improved methods for nested primer amplification. The methods offer 
improved specificity and sensitivity over prior methods. According to the invention, the thermocycling 
conditions of the amplification reaction are modified to provide improved results. The sequence, length, 
and/or concentration of amplification primers are modified as well. In addition, in one embodiment only two 
primers are required when the temperature cycling conditions are modified during amplification. Generally, 

10 however, the methods provide that more than two amplification primers are included in the amplification 
reaction mixture. The methods of the invention have fewer steps than prior nested amplification methods 
and consequently offer speed and simplicity over prior nested priming methods. 

The methods are particularly suitable in PCR-based amplification techniques wherein a first and a 
second primer are present in the reaction for amplifying a target nucleic acid. According to the invention, for 

w improved nested amplification, a third primer capable of hybridizing to the amplification product generated 
by the first and second primers is included in the amplification reaction. The modified nested priming 
methods utilize the distinct properties of each primer in the amplification reaction mixture to control which 
primers are extended during each thermocycle. The methods are suitable for amplification of any particular 
target sequences. In a clinical setting, the methods offer speed, simplicity and decreased opportunity for 

20 cross-contamination between samples by minimizing the number of manipulative steps of prior nested 
amplification methods. 

The present methods are suitable for use in any nucleic acid amplification process that is characterized 
by primer extension and thermocycling. The embodiments of the invention provided herein are PCR-based 
methods, although the invention is not limited to PCR amplification. PCR is widely practiced in the arts that 
25 relate to the present invention and a brief summary of the generic PCR process is provided for 
convenience. 

Amplification of DNA by PCR is disclosed in the U.S. Patent Specifications Nos. 4,683,195 and 
4,683,202. Methods for amplifying and detecting nucleic acids by PCR using a thermostable enzyme are 
disclosed in the U.S. Patent Specification No. 4,965,188. 

30 PCR amplification of DNA involves repeated cycles of heat-denaturing the DNA, annealing two 
oligonucleotide primers to sequences that flank the DNA segment to be amplified and extending the 
annealed primers with DNA polymerase. The primers hybridize to opposite strands of the target sequence 
and are oriented so that DNA synthesis by the polymerase proceeds across the region between the 
primers, effectively doubling the amount of the DNA segment. Moreover, because the extension products 

35 are also complementary to and capable of binding primers, each successive cycle essentially doubles the 
amount of DNA synthesized in the previous cycle. This results in the exponential accumulation of the 
specific target fragment, at a rate of approximately 2 n per cycle, where "n" is the number of cycles. 

The term "amplification reaction system" refers to any in vitro means for multiplying the copies of a 
target sequence of nucleic acid. Such methods include but are not limited to polymerase (PCR), DNA 

40 ligase, (LCR), Q/3 RNA replicase and RNA transcription-based (TAS and 3SR) amplification systems. 

The term "amplifying" which typically refers to an "exponential" increase in target nucleic acid is being 
used here in to describe both linear and exponential increases in the numbers of a select target sequence 
of nucleic acid. 

The term "amplification reaction mixture" refers to an aqueous solution comprising the various reagents 
45 used to amplify a target nucleic acid. These include enzymes, aqueous buffers, salts, amplification primers, 
target nucleic acid and nucleoside triphosphates. Depending upon the context, the mixture can be either a 
complete or incomplete amplification reaction mixture. The systems described herein are practiced routinely 
by those of skill in the relevant art. They have been described in detail by others. 

This invention is not limited to any particular amplification system. As other systems are devel- 
50 oped,those systems may benefit by practice of this invention. A recent survey of amplification systems was 
published in Bio/Technology 8, 290-293 (1990). In addition to PCR, the ligase chain reaction (LCR) is an 
alternative thermocycling amplification procedure. A combined PCR/LCR procedure is suitable for use in 
conjunction with the present invention. A brief summary of the ligase chain reaction is provided below for 
the convenience of those not familiar with ligase based amplification systems and to provide an understand- 
55 ing of the breadth of the present invention. 

LCR is described in PCT Patent Publication No. WO 89/09835. The process involves the use of ligase 
to join oligonucleotide segments that anneal to the target nucleic acid. LCR results in amplification of an 
original target molecule and can provide millions of copies of product DNA. Consequently, the LCR results 
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in a net increase in double-stranded DNA. The present detection methods are applicable to LCR as well as 
PCR. LCR requires an oligonucleotide probe for detecting the product DNA. 

In the disclosed embodiment, Taq DNA polymerase is preferred although this is not an essential aspect 
of the invention. Taq polymerase, a thermostable polymerase, is active at high temperatures. Methods for 

5 the preparation of Taq are disclosed in the U.S. Patent Specification No. 4,889,818. Taq polymerase is 
commercially available as a recombinant product or purified from Thermus aquaticus. However, other 
thermostable DNA polymerases isolated from Thermus species or non Thermus species (e.g., Thermus 
thermophilous or Thermotoga maritima), as well as non-thermostable DNA polymerase such as T4 DNA 
polymerase, T7 DNA polymerase, E. coli DNA polymerase I, or the Klenow fragment of E. coli, can also be 

w used in PCR. The nucleoside-5'-triphosphates utilized in the extension process, typically dATP, dCTP, 
dGTP and dTTP, are present in total concentration typically ranging from 400 uM to 4.0 mM during the 
extension reaction, although preferably the concentration is between 500 uM and 1.5 juM. 

Taq polymerase can be prepared as both a 94 kDa and a 62 kDa enzyme. The 62 kDa enzyme is a 
processed form of the 94 kDa enzyme resulting from proteolytic cleavage of the N-terminal region. Either 

75 form of the enzyme will function as an agent of polymerization in PCR. In addition to the N-terminal 
deletion, individual amino acid residues may be modified by oxidation, reduction or other derivatization, or 
the protein may be cleaved to obtain fragments that retain activity. 

Thus,modifications to the primary structure itself by deletion, addition or alteration of the amino acids 
incorporated into the sequence during translation can be made without destroying the high temperature 

20 DNA polymerase activity of the protein. Such substitutions or other alterations result in proteins useful in the 
methods of the present invention. 

In one aspect of the present invention, a thermostable DNA polymerase that lacks 5' to 3' exonuclease 
activity is suitable. During extension of an outer primer, an inner primer, complementary to the same 
template strand, momentarily annealing to its targetjs possibly degraded by the 5' to 3' exonuclease of 

25 activity of the wild-type DNA polymerase. The net effect of such degradation would be a decrease in the 
concentration of the inner primer. According to the invention, the inner primer is present in excess; 
therefore, the use of an enzyme lacking 5' to 3' exonuclease activity is not essential for practicing the 
present invention. However, using a theromostable DNA polymerase with no or reduced 5' to 3' ex- 
onuclease activity provides a preferred form of practicing the disclosed methods of amplification. Such 

30 polymerase are known and commercially available. 

The term "oligonucleotide" as used herein is defined as a molecule comprised of two or more 
deoxyribonucleotides or ribonucleotides, preferably more than three, and usually more than ten. The exact 
size will depend on many factors, which in turn depends on the ultimate function or use of the 
oligonucleotide. The oligonucleotide may be derived synthetically or by cloning. 

35 The term "primer" as used herein refers to an oligonucleotide, whether occurring naturally as in a 
purified restriction digest or produced synthetically, which is capable of acting as a point of initiation of 
synthesis when placed under conditions in which synthesis of a primer extension product which is 
complementary to a nucleic acid strand is initiated, i.e., in the presence of different nucleoside 
triphosphates and a DNA polymerase in an appropriate buffer ("buffer" includes pH, ionic strength, 

40 cofactors, etc.) and at a suitable temperature. 

The term "thermocycling profile" as used herein refers to the selected temperature parameters selected 
for "n" cycles of PCR. The thermocycling profile includes at least two temperatures, a high denaturation 
temperature, adequate for sample-template and subsequent product denaturation and a low temperature 
appropriate for primer annealing and polymerase extension. Accordingly, in the present invention, particular 

45 thermocycling parameters are selected to control primer annealing and product denaturation and thus 
regulate template accessibility and primer extension. 

The choice of primers for use in PCR determines the specificity of the amplification reaction. Primers 
used in the present invention are generally oligonucleotides, usually deoxyribonucleotides several 
nucleotides in length, that can be extended in a template-specific manner by the polymerase chain reaction. 

50 The primer is sufficiently long to prime the synthesis of extension products in the presence of the agent for 
polymerization and typically contains 10-30 nucleotides, although the exact number is not critical to the 
successful application of the method. 

In one aspect of the invention, short primers which generally require cooler temperatures to form 
sufficiently stable hybrid complexes with the template are provided to facilitate, via manipulation of the 

55 annealing temperature during thermocycling, the beginning of the nested primer phase of the amplification 
which ultimately enhances sensitivity and specificity of the amplification reaction. As used herein, short 
primers are characterized as less thermally stable when annealed to target DNA than flanking outer primers. 
Accordingly, short primers are generally 8-18. In another aspect of the invention, long primers containing a 
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non-complementary tail, adding 20-100 nucleotides to the 10-30 nucleotide homologous primer region, are 
provided. The non-complementary regions are useful for providing extension products of increased 
thermostability which require higher temperatures for subsequent denaturation to serve as amplification 
templates. 

5 Synthetic oligonucleotides can be prepared using the triester method described in J. Am. Chem. Soc. 
103, 3185-3191 (1981). Alternatively automated synthesis may be preferred, for example, on a DNA 
Synthesizer using cyanoethyl phosphoramidite chemistry. 

A primer is selected to be "substantially" complementary to a strand of the template having a specific 
sequence. For primer extension to occur, the primer must be sufficiently complementary to anneal to the 

w nucleic acid template under the reaction conditions. Not every nucleotide of the primer must anneal to the 
template for primer extension to occur. The primer sequence need not reflect the exact sequence of the 
template. For example, in one embodiment of the invention, a non-complementary nucleotide fragment or 
tail is attached to the 5' end of the primer with the remainder of the primer sequence being complementary 
to the template. Alternatively, non-complementary bases can be interspersed into the primer, provided that 

w the primer sequence has sufficient complementarity with the template for hybridization to occur and allow 
synthesis of complementary DNA strand. 

The choice of the specific nucleic acid target region to be amplified dictates primer sequence and 
amplification specificity. For example, primers to conserved regions may amplify a class of gene se- 
quences, while primers complementary to variable regions confer greater product specificity. 

20 The present invention is particularly suitable for allele-specific amplification. In one embodiment of the 
invention, the outer primers function as generic primers, and the inner primer, or primers, are allele-specific. 
According to the present method, the outer primers generate a PCR product which then serves as a 
template to generate a second smaller PCR product. Thus, the detection of the larger, generic PCR 
product, specified by the outer primers, provides an internal positive control. The allele-specific amplifica- 

25 tion product is generated in the same reaction vessel without opening the tube. This advantage is also 
particularly significant in clinical screening where thousands of samples are simultaneously screened for the 
presence of a rare agent, such AIDS virus nucleic acids or in forensic analyses where a sample is archival 
or provides evidence of a crime and the amount of sample is extremely limited. 

Amplification systems such as PCR require a target nucleic acid in a buffer compatible with the 

30 enzymes used to amplify the target. The target nucleic acid can be isolated from any source of biological 
materials including tissues, body fluids, feces, sputum, saliva, plant cells, bacterial cultures, and the like. 

To amplify a target nucleic acid sequence in a sample, the sequence must be accessible to the 
components of the amplification system. In general, this accessibility is ensured by isolating the nucleic 
acids from a crude biological sample. A variety of techniques for extracting nucleic acids from biological 

35 samples are known in the art. For example, see those described in Molecular Cloning: A Laboratory Manual 
(New York, Cold Spring Harbor Laboratory, 1982), Nucleic Acid Hybridization: A Practical Approach (Eds. 
Hames and Higgins, IRL Press, 1985) or in PCR Protocols, Chapters 18-20 (Innis et al., Ed., Academic 
Press, 1990). 

In general, the nucleic acid in the sample will be a sequence of DNA, most usually genomic DNA. 

40 However, the present invention can also be practiced with other nucleic acids, such as messenger RNA, 
ribosomal RNA, viral RNA or cloned DNA. Suitable nucleic acid samples include single or double-stranded 
DNA or RNA for use in the present invention. Those of skill in the art will recognize that whatever the nature 
of the nucleic acid, the nucleic acid can be amplified merely by making appropriate and well recognized 
modifications to the method being used. 

45 Those skilled in the art will know that the PCR process is most usually carried out as an automated 
process with a thermostable enzyme. In this process, the reaction mixture is cycled through a denaturing 
temperature range, a primer annealing temperature range, and an extension temperature range. Generally, 
the annealing and extension temperature ranges overlap, and consequently, PCR is often practiced as a two 
step cycling reaction comprising a denaturing step and an annealing/extension step. A machine specifically 

50 adapted for use with a thermostable enzyme is disclosed more completely in EP Patent Publication No. 
236,069 and is commercially available. 

In the process described herein, a sample is provided which contains, or is suspected of containing, a 
particular oligonucleotide sequence of interest, the "target nucleic acid". The target may be RNA or DNA or 
an RNA/DNA hybrid. The target may be single-stranded or double-stranded. Target preparation will be 

55 carried out in a manner appropriate for the particular amplification process to be implemented. For example, 
in a PCR method where the target nucleic acid is single-stranded, such as mRNA, the target may be first 
reverse transcribed into cDNA, prior to amplification. 

Detection of the amplified products can be accomplished by a number of known means. Such means 
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include, but are not limited to, hybridization with isotopic or non-isotopically labeled probes in, for example, 
a dot blot or electrophoretic format. A detection format system may include a capture step, such as a solid 
support substrate and an avidin-biotin label system. EP Patent Publication No. 237,362 describes a PCR- 
based detection method termed "reverse" dot-blot in which the probe, instead of the amplified DNA, is fixed 

5 to the membrane. According to the method,the target, rather than the probe, is labeled for hybridization. 

There are a number of ways to determine whether a probe has hybridized to a DNA sequence 
contained in a sample. Typically, the probe is labeled in a detectable manner. The target DNA (i.e., the 
amplified DNA in the PCR-reaction buffer)is bound to a solid support, and determination of whether 
hybridization has occurred involves determining whether the label is present on the solid support. This 

w procedure can be varied, however, and is possible when the target is labeled and the probe is bound to the 
solid support. 

Many methods for labeling nucleic acids, whether probe or target, are known in the art and are suitable 
for purposes of the present invention. Suitable labels may provide signals detectable by fluorescence, 
radioactivity, colorimetry, X-ray diffraction or absorption, magnetism, enzymatic activity, and the like. 
w Suitable labels include fluoruphores, chromophores, radioactive isotopes (particularly 32 P and 125 1), electron- 
dense reagents, enzymes and ligands having specific binding partners. Enzymes are typically detected by 
their activity. For example, horse-radish-peroxidase (HRP) can be detected by its ability to convert 
diaminobenzidine to a blue pigment. A preferred method for HRP-based detection uses tetramethyl- 
benzidine (TMB). 

20 In a homogeneous assay system requiring that amplification occurs in the presence of a detectable 
DNA binding agent, for example, ethidium bromide, the fluorescence of the amplification mixture increases 
as the target is amplified and the amount of double-stranded DNA present in the reaction mixture increases. 
The present invention is particularly suitable for use in conjunction with such a homogeneous assay 
method. The combined method is described in Example II and provides tremendous advantages over prior 

25 methods for amplifying and detecting nucleic acids. 

The homogeneous assay method offers means for detecting the presence of target without opening the 
reaction vessel once the reaction is initiated. The present invention provides a method for nested 
amplification, also without opening the reaction vessel. Thus, according to the present invention, the 
combined method has the enhanced sensitivity and specificity of nested priming and the ease of detection 

30 of the homogeneous assay system. Without opening the reaction vessel, a sequence as rare as one copy in 
70,000 cells can be detected without the additional processing or manipulative steps usually required for 
target detection. The possibility of cross contamination is greatly minimized by the invention. In another 
embodiment, the use of a spectrafluometer allows quantitation of the amount of product generated. 
Consequently, when used in a homogeneous assay, the present invention permits quantitative analysis for 

35 monitoring the progress of, for example, an infection or response to treatment regimen. 

In general, it is preferred but not essential that the DNA polymerase is added to the PCR reaction 
mixture after both the primer and template are added. Alternatively, for example, the enzyme and primer 
are added last or the PCR buffer or template plus buffer are added last. It is generally desirable that at least 
one component that is essential for polymerization not be present until such time as the primer and 

40 template are both present, and the enzyme can bind to and extend the desired primer/template substrate. 
This method, termed "hot start," improves specificity and minimizes the formation of "primer-dimer." 

"Primer-dimer" refers to a double-stranded PCR product consisting of two PCR primers and their 
complementary sequences. The synthesis of primer-dimer results from the extension of one primer using 
the other primer as template. Primer-dimer can occur in the absence of target and appears to be a function 

45 of primer concentration. The initial formation of "primer-dimer" can occur at low temperatures (i.e., room 
temperature); "hot start" eliminates this phase of the thermal profile. Once formed, this PCR artifact is 
amplified very efficiently and is detected in reactions with rare, or no specific template. In rare template 
reactions, the primer-dimer can compete with the target fragment for primers and enzyme and prevent 
efficient target amplification. 

50 The use of nested primers serves to decrease primer-dimer and enhance PCR specificity. U.S. Patent 
Specification No. 4,683,195 describes that the nested primer procedure requires two primer pairs. Accord- 
ing to the method a first "outer" primer pair is used to amplify a target sequence and a second "inner" 
primer pair is used to amplify a subsegment of the PCR product formed from the first amplification reaction. 
According to the method described therein, the reaction mixture is diluted 10-fold to reduce the concentra- 

55 tion of the first primer pair after PCR, then the second primer pair is introduced into the reaction mixture. 
This method requires a number of additional steps, including, stopping the PCR, opening the reaction tube, 
diluting the reaction to eliminate or decrease the concentration of outer primers, adding a second primer 
pair, consequently adjusting buffer conditions, providing additional enzyme, and a second thermocycling 



7 



EP 0 519 338 A1 



reaction. These steps are eliminated by the present invention. 

The present invention provides nested amplification methods and compositions wherein the outer and 
inner primers are all present in the initial reaction mixture, and the thermocycler is programmed to allow the 
outer primers, but not the inner primers, to amplify initially, and then to allow the inner primers, but not the 

5 outer primers, to amplify the targeted subsequence within the initial PCR product. The examples of the 
invention serve to illustrate that primers prepared according to the invention are made to "drop in" or "drop 
out" of the amplification reaction in accord with the desired result. In several embodiments, one member of 
the initial flanking i.e., outer, primer pair also functions as an inner or secondary primer. Consequently, only 
three primers are utilized. Alternatively, four individual primers are used, comprising both inner and outer 

w primer pairs. When four primers are employed, either one or both of the inner primers are made to"drop- 
in." 

According to the present invention, a third primer, internal to one member of the outer primers is 
included in a PCR reaction for amplifying a particular target segment. As the temperature in the PCR 
reaction is raised, a point is reached at which this third primer no longer stably anneals to the target 

75 template, while the flanking primers continue to stably anneal. Thus, the third primer has an optimum, 
annealing temperature for PCR, that is lower than the optimum annealing temperature of the flanking outer 
primer. This property can be imparted to the third primer by virtue of a shorter length and/or lower G-C 
content. Adjusting the annealing temperature during the amplification reaction determines which primer pair 
is extended by the polymerase during any particular annealing/extension cycle. 

20 In one embodiment of the invention, the primer flanking the third primer is present at a low 
concentration. For the first n PCR cycles, the temperature during the extension phase of each PCR cycle is 
maintained sufficiently high, e.g., approximately 65 6 C to prevent the short, inner primer(s) from annealing 
specifically and initiating amplification. The outer primers anneal sufficiently such that PCR proceeds 
normally at the high extension temperature. Prior to amplification plateau, when the supply of limiting outer 

25 primer is almost exhausted, the annealing temperature is decreased, for example, to approximately 42 °C. 
At this temperature, the third primer "drops in" and proceeds to amplify the target for the remaining cycles. 
This procedure is schematically described in Figure 1 and referred to herein as "drop-in" PCR. According 
to the figure, the outer primer pair comprises primers "A" and "C," the inner primer pair comprises primers 
"B" and "C," and primer "B" is the third primer. 

30 DNA and Cell Biology 10, 233-238 (1991) provides a formula for estimating the optimum annealing 
temperature for PCR for any~particular primer/template duplex. The nearest neighbour thermodynamic data 
disclosed in Proc. Natl. Acad. Sci. 83, 3746-3750 (1986), as well as methods described in Nuc. Acids Res. 
6, 3543-3557 (1979) exemplify empirical formula for estimating Tm. Although Tm is generally slightly higher 
than the optimum annealing temperature for PCR, calculating Tm provides a guidance for one of ordinary 

35 skill in the art to empirically determine suitable temperatures for practicing the present invention. 

For some targets, for example, HIV proviral DNA in a fixed amount of peripheral blood from HIV 
infected individuals, the amount of target present in a sample varies up to 1,000-fold. Drop-in PCR is 
particularly suitable for such an analysis because of the effect of limited outer primer concentration on the 
amplifications. In a particular sample, if the amount of target is high, the PCR reaches plateau quickly but 

40 not completely. If the amount of target in a sample is low, amplification continues. Consequently, using a 
limiting outer primer concentration, different reactions are brought to about the same state of limited 
amplification before the thermocycling conditions are altered to allow the nested primer to "drop-in." As a 
result, the effect of sample to sample variance on nested amplification results is diminished. 

In an alternative embodiment for nested primer amplification, the need for a low concentration of one 

45 flanking primer is eliminated. According to the method, a high denaturation temperature and a high 
annealing temperature allow the outer primers, but not the inner primers, to be extended. A flanking primer 
is synthesized with a G-C rich tail. Because the non-complementary primer tail sequence is incorporated 
into the PCR product after two cycles of amplification, the G-C tail serves to raise the temperature 
necessary for denaturing the PCR product because of the increased thermostability of G-C pairs versus A-T 

50 pairs. The resulting difference in the denaturing temperature of the nested and flanking PCR products is 
then exploited to effectively shut down amplification from the tailed outer primer. 

Once PCR product is made from the outer primers, and after the nested primers have been allowed to 
"drop-in," by manipulating the annealing temperature to initiate synthesis from the nested primer when 
desired, the denaturation temperature is lowered, i.e., from 96° to 86 °C. At the lower temperature the outer 

55 primer PCR product does not completely denature and consequently cannot serve as a template. However, 
the lower denaturation temperature is sufficient to allow amplification of the nested PCR product. This 
aspect of the invention is summarized as follows. After n cycles, the annealing temperature is dropped, 
allowing the inner primers to anneal. After n + x cycles, the denaturation temperature is dropped, 
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preventing the initial PCR product from denaturing and serving as a template for the outer primer. This 
strategy, termed "Drop-in/Drop-out" PCR can be practiced using only one internal primer as described in 
Examples I and II. In those embodiments, one flanking primer serves as both inner and outer primer and is 
unaffected by the altered thermal profile of the cycling reaction. Drop-in/Drop-out PCR is schematically 
5 described in Figure 2. 

One of ordinary skill in the art can readily use empirical means to determine the appropriate 
denaturation and annealing temperatures for any particular amplification reaction mixture and program a 
thermocycler accordingly. The drop-in/drop-out PCR method provides means for including high concentra- 
tions of all primers which is preferred for optimizing PCR efficiency while controlling which particular primer 

w pair is extended at any cycle during the reaction. This aspect of the method for nested primer amplification 
is demonstrated in Examples I and II. 

The Drop-in PCR method requires that a first outer primer is present at a low concentration. Generally, 
amplification primers are present at a concentration of 1-100 pmole per 100 ml reaction. For drop-in PCR a 
suitable concentration for the limited out primer is within the range of 1% to 50% of the concentration of 

w second and third primers (i.e., the inner primer pair). As amplification proceeds, the amount of first primer 
becomes limiting, with respect to the other primers. Consequently, when the annealing temperature is 
decreased to the Tm of the third primer, annealing and extension of the inner primer is favored and the 
smaller primer PCR product begins to accumulate. 

According to the invention, the change in the thermocycling profile during PCR enhances amplification 

20 specificity. As PCR proceeds, non-specific primer events lead to a build up of non-target, i.e., background, 
products. Once a thermocycle, using a non-target template, is complete, that template will continue to be 
amplified in successive cycles. Although outer primers anneal to the amplified non-target template, the inner 
primer does not. Each change in the thermocycling profile results in a change in the population of non- 
target template molecules. Therefore, with each change in the cycling parameters, the non-target amplifica- 

25 tion possible during the previous thermocycle is diminished, and consequently, target specificity is 
enhanced. 

The number of cycles necessary at each thermocycling profile, or phase, is empirically determined and 
varies depending on the complexity of the sample, the particular target, and the relative amounts of target 
and background nucleic acid. The number of cycles required at the high annealing temperature, where in 
30 the outer primers are extended, is one, or any number of cycles greater than one. It may be desirable to 
include, for example, 1-30 cycles at high annealing temperature, and the specific number of cycles is 
determined according to the particularities of the assay; i.e., sample, target, primers, and the specific result 
required. 

It may be desirable to amplify a first PCR target using outer primers, for a number of cycles sufficient 
35 to provide a detectable signal. Using a homogeneous assay the presence of the amplified product is readily 
determined by fluorescence, without opening the reaction vessel. The outer primers may be suitable for 
amplifying a region of interest known to be present such as a particular gene segment. Amplification of, for 
example, a genetic marker by an outer primer pair provides an internal positive control for indicating that 
amplification has occurred. 

40 Subsequently, the thermocycling profile is altered, and the inner target or specific primers are utilized. 
The additional increase in PCR product determined by a further increase in fluorescence indicates the 
presence of a particular target sequence. However, detection of the outer primer pair amplification product 
is not an essential aspect of the invention. Amplification by the first (outer) primer pair serves to increase 
the number of target molecules providing additional templates for amplification by the second (inner) primer 

45 pair. 

The second cycling phase in the Drop-in/Drop-out method (high T denaturation, low T anneal) serves to 
initiate amplification using the internal primers and provide target for the third cycling phase (low T 
denaturation, low Tanneal). During the third cycling phase, the lowered denaturation temperature effectively 
eliminates outer primer amplification, while inner primer amplification continues. Amplification at high T 
50 denaturation and low T anneal converts outer PCR product to inner PCR template. In practice 1-10 cycles 
are sufficient for the second phase of the reaction, although more cycles may be desirable for a particular 
target. 

The annealing temperature for any specific primer in PCR is a function of the %GC content of the 
oligonucleotide. It will be obvious to one of skill in the art to determine the annealing temperature suitable 
55 for any particular target and primer using the guidance provided by the present examples of the invention. 
The difference in the annealing temperature of the low T anneal and high T anneal cycles is at least 1 8 C 
and preferably is 3° - 30 °C. Similarly, the primer extension temperature is readily determined by one of 
ordinary skill in the art using the cited references and the present examples as a guide. 
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The variation from high T denaturation to low T denaturation is as much as 20 0 C or as little as TC 
depending on the target and sample complexity, G-C content, and primer sequence. The shift to a low 
denaturation temperature prevents denaturation of non-target amplified DNA. Because this nucleic acid is 
non-target, the length and %GC content cannot be determined for estimating the optimum temperature for 

5 preventing denaturation. Consequently, the denaturation temperature is empirically determined using the 
present specification and examples as a guide. PCR Technology, Stockton Press (1989) describes the 
effects of nucleotide sequences on the Tm of DNA subsegments or domains within a larger nucleic acid 
sequence. For example, a tailed primer comprising approximately 40 nucleotides of 100% GC is sufficient 
to alter the temperature required for complete denaturation of an amplified sequence 500 base pairs in 

w length. Preferably, the G-C tail, added to the 5' end of the flanking primer is between 10 and 100 
nucleotides in length. 

In an additional aspect of the invention, a flanking primer is not required for enhanced product 
specificity. Following the protocol for Drop-in amplification using only the inner primer pair provides an 
unexpectedly superior result when compared to the results of amplification using standard PCR conditions. 

w Example II clearly demonstrates this aspect of the invention. 

Prior to the present invention, it was not known that amplification specificity is improved by subjecting 
the sample to at least one thermocycle using an annealing temperature higher than the Tm. The cycling 
profile is subsequently adjusted and the annealing temperature is lowered to the appropriate Tm. Thus, in 
one embodiment of the invention the temperature for primer annealing and extension is 1 ° - 10° C higher 

20 than the estimated Tm for the particular primer pair. Although amplification at this temperature is extremely 
inefficient, any primer extension that occurs is target specific. Consequently, during the high temperature 
cycle(s), the sample is enriched for the particular target sequence and any number of cycles, i.e., 1-15 
enhances product specificity. The annealing temperature is then decreased to increase amplification 
efficiency and provide a detectable amount of PCR product. 

25 This method is particularly useful for increasing sensitivity as well as specificity. For example, detection 
of AIDS virus nucleic acids present as 1 copy per 70,000 cells is enhanced by the method and is illustrated 
in Example I. Similarly, allele-specific amplification for detecting the presence of a one-base pair change is 
also improved by the addition of the high temperature annealing cycle(s). 

In another aspect, the invention may be commercialized providing kits for enhanced amplification 

30 specificity. Kits would include inner and outer primer pairs for a specific target or allele. Kits may also 
include any of the following reagents for amplification such as a DNA polymerase, buffers, dNTPs, and a 
positive control template. 

The examples provided herein offer general guidance for practicing the present invention and are not 
intended as a limitation to the scope of the invention. 

35 

Example I 

Drop-In/Drop-Out PCR: Detection of a Rare Target in the Presence of a High Background of Double- 
Stranded DNA 

40 

The drop-in/drop-out amplification method was used for amplifying a rare single copy sequence in a 
background of DNA from 70,000 human cells. A modified nested primer procedure, as briefly described in 
the"Detailed Description" section as a primer "drop-in/drop-out" procedure, was designed to enhance PCR 
specificity. This assay was done as follows: into PCR reaction vessels 1 through 8 were aliquoted 50 

45 microliters of solution, each containing 50 mM KCI; 10 mM TrisHCI, pH 8.3; 2.5 mM MgCI 2 ; 600 total 
dNTPs; 1.25 unit of Taq DNA polymerase (PECI); 1.27 uM ethidium bromide; 0.5 ug of human cell-line 
DNA; the primer pair~RH171 (SEQ ID NO: 1) and RH176 (SEQ ID NO: 2), each primer at 0.2 fiM; and the 
nested primer RH182 (SEQ ID NO: 3) also at 0.2 uM. A drop of mineral oil was used to cover the eight 
solutions in order to prevent evaporation. Primer RH176 (SEQ ID NO: 2) carries a GC-rich, non-homologous 

50 (to target sequence), 5' "tail" that raises the denaturation temperature necessary to amplify PCR product 
made using this primer. 

Reactions 1-4 were made with solutions that were at ambient room temperature and included the three 
primers before temperature cycling was begun. Reactions 5-8 were made with the addition of the three 
primers postponed until these reactions were equilibrated to a temperature of 72 °C before beginning 
55 thermocycling. For this reason, reactions 5-8 are referred to as being given a "hot-start." Reactions 2-4 and 
68 also contained a target, positive control DNA (purchased from PECI) containing HIV sequences to which 
RH171 (SEQ ID NO: 1), RH182 (SEQ ID NO: 3), and the 3' portion of RH176 (SEQ ID NO: 2) were 
homologous. This DNA was diluted such that each reaction containing it had, on average, four copies of the 
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HIV sequence. Because this average number of copies is small, the actual number of copies in a given 
reaction can vary considerably. Since no HIV DNA target was added to reactions 1 and 5, these reactions 
served as negative controls. 

All eight reactions were subjected to thermocycling using a Perkin Elmer Cetus DNA thermocycler as 

5 follows: denature at 96 °C, hold for 1 minute, anneal at 64° C, hold for 1 minute. This profile was repeated 
for 29 cycles, during which the flanking primer pair, RH171 (SEQ ID NO: 1) and RH176 (SEQ ID NO: 2), 
efficiently annealed and were used in amplification, while the nested primer RH182 (SEQ ID NO: 3), which 
does not efficiently anneal at 64° C, was not used in efficient amplification. This was followed by 
denaturation at 96 °C, hold for 1 minute, annealing at 52 °C, hold for 1 minute. This profile was repeated for 

w 2 cycles, during which all three primers efficiently annealed and were extended in amplification such that 
products were made using either RH171 (SEQ ID NO: 1) and RH176 (SEQ ID NO: 2), or RH171 (SEQ ID 
NO: 1) and RH182 (SEQ ID NO: 3). Because the use of a third, nested primer, increases product specificity, 
products made using RH171 (SEQ ID NO: 1) and RH182 (SEQ ID NO: 3) were more likely to be HIV 
specific. These cycles were followed by denaturation at 86 °C, hold for 1 minute, anneal at 52 °C, hold for 1 

15 minute. This profile was repeated 18 times, during which, products that included the GC-rich primer RH176 
(SEQ ID NO: 2), both HIV specific and non-specific, did not efficiently denature at 86 °C and, therefore, did 
not amplify efficiently, while the amplified HIV sequences made using the nested primer RH182 (SEQ ID 
NO:3) and RH171 (SEQ ID NO: 1) did efficiently denature and amplify. 

All eight reactions were analyzed, when completed, by gel electrophoresis and photographed (see 

20 Figure 3). Reactions 2-4 and 5-8 were shown to contain a product of the expected size (approximately 200 
bp) as the predominant band on the gel. Reactions 1 and 5, the negative controls, contained no such 
product. However, reactions 2-4, which were not given a "hot-start," could be seen to contain DNA 
fragments of other than the expected size. These other DNA fragments were also visible in reaction 1, 
indicating that they are not derived from HIV sequences. These other DNA fragments were not visible in 

25 reactions 5-8, indicating that use of the "hot-start" had enhanced the specificity of these reactions. 

Eight additional reactions were performed as described above, except that all were given a "hot-start" 
as described above. The positive control DNA was diluted in these eight reactions, numbered 1 through 8, 
such that on average, each contains half an HIV target molecule. Since a molecule cannot be divided, this 
means that some reactions should contain a target molecule and some should not. If this experiment were 

30 repeated many times, the fraction of reactions that do contain a target will vary considerably, but should be 
on average about half. Those that do contain a target molecule are most likely to contain a single target 
molecule. Upon completion of the reactions, all eight were analyzed by gel electrophoresis and photo- 
graphed (see Figure 4). The result was that two of the eight reactions, numbers 1 and 8, displayed a DNA 
fragment of the expected size (approximately 200 bp) as the predominant band on the gel, with no other 

35 bands that migrated into the gel visible except a band corresponding to the primers. Reactions 2-6 
displayed no such bands nor any other DNA fragment bands due presumably to the absence of the specific 
HIV template sequence. 

Example II 

40 

Demonstration of Increased Specificity Via "Drop-in/Drop-out" Protocol 

The experiment described in Example I was repeated in such a way as to demonstrate that the 
thermocycling parameters had the expected effect on amplification specificity. 

45 Nine reactions were set up as described in Example I, except that, on average, ~20 copies of HIV 
plasmid were present in each reaction mix and each reaction did not contain the nested primer RH182 
(SEQ ID NO: 3). In Figure 5, this primer is indicated as primer B, and the flanking primers RH176 (SEQ ID 
NO: 2) and RH171 (SEQ ID NO: 1), which were included in the reaction mixtures, are indicated as primer A 
and primer C, respectively. These nine reactions will be referred to here as "A and C" reactions. Nine other 

50 reactions were set up in the same way except containing primers RH182 (SEQ ID NO: 3) and RH171 (SEQ 
ID NO: 1) only. These reactions will be referred to, as "B and C" reactions. 

Nine additional reactions were set up in the same way except using all three primers, RH176 (SEQ ID 
NO: 2), RH182 (SEQ ID NO: 3), and RH171 (SEQ ID NO: 1). These reactions will be referred to as "A, B, 
and C" reactions. 

55 All reactions were begun using a "hot-start" as described in Example I. Three reactions each of the "A 
and C,""B and C," and "A, B, and C" groups were amplified using conditions that prevented the "drop-in" 
primer "B" from priming DNA synthesis. These were amplified in a thermocycler using 49 cycles at a 
denaturation temperature of 96 °C and an annealing temperature of 64° C. This annealing temperature was 
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above the calculated Tm of primer B (RH182 (SEQ ID NO: 3)). As expected, in the "B and C" group, in 
which primer B was the only "left" primer present, there was no detectable PCR product when aliquots of 
the three amplifications were run out on agarose gel electrophoresis as shown in Figure 5. When A and C 
or A, B, and C were present, product was observed that was of the size expected for HIV sequences bound 
by primers A and C, as well as other, non-specific product. 

Three reactions from each of the three groups were also amplified using conditions that prevented DNA 
synthesized from primer "A" (RH176 (SEQ ID NO:2)), which contains the GC rich, non-complementary, 5' 
"tail," from denaturing and amplifying. These conditions were a denaturation temperature of 86 6 C and an 
annealing temperature of 52 °C for 49 cycles. This annealing temperature was low enough to allow 
annealing and extension of primer B (RH182 (SEQ ID NO: 3)). As expected, no amplification product was 
seen upon gel electrophoresis of the "A and C" reactions amplified under these conditions. However, 
amplification products of a size corresponding to HIV sequences bound by primers B and C, as well as 
many extra, non-specific DNA products, were seen in amplifications "B and C" and "A, B, and C" (see 
Figure 5). 

Finally, three reactions of each of the three groups were amplified under conditions that allowed "drop- 
in/drop-out" amplifications as diagrammed in Figure 2. These conditions were 29 cycles using a 96 °C 
denaturation and a 64° C annealing, two cycles using a 96° C denaturation and a 52 6 C annealing, and 18 
cycles using 86 °C denaturation and 52 °C annealing. Only the first two thermocycling phrases allowed 
utilization of primer A as an efficient amplification primer; these 31 cycles were not enough to detectably 
amplify the few HIV target molecules present in the sample by gel electrophoresis and ethidium bromide 
staining. Consequently, as expected, no PCR was product formed with primers A and C only. Also as 
predicted, the complete "drop-in/drop-out" protocol using all three primers gave the most specific amplifica- 
tion with the greatest yield of product (Figure 5). The only other major band seen upon gel electrophoresis 
was attributable to the respectively long primer A (RH176 (SEQ ID NO: 2)). 

Surprisingly, an increase in specificity and yield was also seen under these amplification conditions 
using only primers B and C. As discussed above, this was due to inefficient, yet highly specific, 
amplification during the 29 cycles at an annealing temperature greater than the Tm of primer B. The 
additional 20 cycles at the lower annealing temperature were sufficient to amplify this inefficiently, yet 
specifically, produced product. 
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Sgquqncg Listing 

INFORMATION FOR SEQ ID NO: 1: 

<i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 bases 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
CCAGGCCAGA TGAGAGAACC AAGGGG 26 
INFORMATION FOR SEQ ID NO: 2: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 52 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
GCGGGCAGGG CGGCGGGGGC GGGGCCGAAC CGGTCTACAT AGTCTCTAAA GG 52 
INFORMATION FOR SEQ ID NO : 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

GGTCCCTGTC TTATGTC 17 

Although the foregoing invention has been described in some detail for the purpose of illustration, it will 
be obvious that changes and modifications are practical within the scope of the appended claims by those 
of ordinary skill in the art. 

Claims 

1. A method for nested amplification of a sequence within a target nucleic acid in a sample, the method 
comprises: 

(a) mixing said sample in an amplification reaction mixture containing an outer primer pair and an 
inner primer pair, wherein said outer primer pair is capable of amplifying a segment of said target 
nucleic acid to provide an amplified target sequence, and said inner primer pair is capable of 
amplifying a subsequence within said target sequence; 
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(b) treating the amplification reaction mixture of step (a) in amplification reaction at a temperature for 
annealing and extending said outer primer pair on said target nucleic acid and at a temperature for 
denaturing the extension products of said outer primer pair to provide an amplified target sequence, 
wherein said temperature for annealing and extending said outer primer pair is higher than the 

5 temperature for annealing and extending said inner primer pair to said target nucleic acid; and 

(c) treating the mixture of step (b) in an amplification reaction at said temperature for annealing and 
extending said inner primer pair on said amplified target sequence, and at a temperature for 
denaturing the extension products of said inner primer pair to provide an amplified subsequence. 

w 2. The method of claim 1 wherein said amplification reaction mixture contains three primers, where in the 
first primer is a member of said outer primer pair, the second primer is a member of said outer primer 
pair and said inner primer pair and the third primer is a member of said inner primer pair. 

3. The method of claim 1 or 2 wherein after step (b) said temperature for annealing and extending said 
w outer primer pair is lowered to provide said temperature for annealing and extending said inner primer 

pair at step (c). 

4. The method of any one of claims 1-3 wherein said temperature for annealing and extending said inner 
primer pair is between 1 6 and 30 °C lower than said appropriate temperature for annealing and 

20 extending said outer primer pair. 

5. The method of any one of claims 2-4 wherein at step (a) said first primer is present in said amplification 
reaction mixture at a limiting concentration. 

25 6. The method of claim 5 wherein said limiting concentration is between 1% and 50% of the concentration 
of said second and third primers in said amplification reaction mixture. 

7. The method of any one of claims 1-6 wherein at step (c) said temperature for denaturing the extension 
products of said inner primer pair is suitable for denaturing the extension products of said outer primer 

30 pair and the method further comprises; 

(d) amplifying said subsequence, at an appropriate temperature for annealing and extending said 
inner primer pair on said amplified target sequence, and at a temperature for denaturing only the 
extension products of said inner primer pair to provide an amplified subsequence, wherein said 
temperature for denaturing only the extension products of said inner primer pair is lower than said 

35 temperature for denaturing the extension products of said outer primer pair. 

8. The method of claim 7 wherein at step (d) the temperature for denaturing only the extension products 
of said inner primer pair is from 1 ° to 20 °C lower than the temperature for denaturing the extension 
products of said outer primer pair. 

40 

9. The method of claim 7 or 8 wherein said first primer comprises a 5' G-C tail. 

10. The method of any one of claims 1-9 that further comprises determining if amplification has occurred. 

45 11. The method of claim 10 wherein said amplification reaction mixture further comprises a detectable DNA 
binding agent. 

12. The method of claim 11 wherein said binding agent is ethidium bromide. 

50 13. The method of claim 11 that comprises, after step (b) and prior to step (c), determining if amplification 
has occurred. 

14. The method of any one of claims 1-13 wherein said target nucleic acid is present at one copy per 
70,000 cells. 

55 

15. The method of any one of claims 1-14 wherein said target nucleic acid is an infectious agent. 

16. The method of any one of claims 1-13 wherein said target nucleic acid is a genetic marker and said 
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outer primer pair hybridizes to a sequence known to be present. 

17. The method of claim 16 wherein said inner primer pair hybridizes to an allele-specific sequence. 

18. The method of claim 17 wherein said allele-specific sequence is indicative of a particular disease state 
or useful for tissue or blood typing. 

19. A method of improved specificity in a PCR that comprises: 

(a) mixing a sample containing a target nucleic acid sequence in an amplification reaction mixture 
containing a primer pair for specifically amplifying said target; 

(b) amplifying said target sequence at a temperature for annealing and extending said primer pair 
that is between 1 6 and 10° C higher than the Tm for said primer pair; and 

(c) amplifying the amplification reaction mixture of step (b) at a temperature for efficiently annealing 
and extending said primer pair to provide an amplified target sequence. 

20. The method of claim 19 that further comprises determining if amplification has occurred. 
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